Background: Reports have concluded that platelet-rich plasma (PRP) is an effective and safe biological approach in the treatment of knee osteoarthritis (OA). However, no consensus has been established regarding the number of injections required to observe a therapeutic effect.
OA, 3 nonoperative therapies are proposed as management options to help relieve symptoms and improve function for middle-aged patients with less severe stages of OA. 1 Injectable medications that can cause regenerative changes in tissue and manage and alleviate OA symptoms are very important. Among injectable options for symptom relief and functional improvement in patients with knee OA, platelet-rich plasma (PRP) has increased in popularity in recent years. 25 Described as an easy, fast, and safe approach, autologous PRP has been the subject of increased clinical interest in the orthopaedic field. PRP consists of a centrifuged blood fraction that contains a concentration of platelets that is often many folds greater than physiological platelet concentrations at wound sites. 18 Results from different studies suggest a possible chondroprotective activity of PRP. Platelets hold in their a-granules many growth factors such as transforming growth factor-beta, platelet-derived growth factor, epidermal growth factor, vascular endothelial growth factor, fibroblast growth factor, and insulin-like growth factor, which are proposed to have a regenerative capacity. 31, 33, 38 Along with growth factors, other cytokines present in PRP inhibit inflammatory effects on chondrocytes by nuclear factor-kappa B, interleukin-1, and nitric oxide. 26, 32 Several reports, including systematic reviews and metaanalyses, have concluded that PRP is an effective and safe biological approach in the treatment of knee OA compared with other intra-articular injections. 2, 5, 11, 15, 20, 23, 29 While some reviews assessed the effect of various injection therapies for knee OA, none of these studies have directly compared the outcome of the number of injections as well as the period of time between one application and another.
Regarding the number of injections, different therapeutic schemes have been evaluated. Typically, the number of interventions in clinical trials include 1 or 3 applications. 24, 27 Despite the increasing reports investigating the clinical effect of PRP, there is virtually no conclusive evidence on the dose or frequency of PRP in the setting of knee OA treatment. Because many of the clinical trials evaluating different PRP therapeutic approaches (!1 applications) have reported clinical improvement in their patients, we hypothesized that 1 application would have similar clinical improvement to more than 1 PRP injection in the short term. This systematic review and meta-analysis aimed to assess and compare the clinical effectiveness reported in randomized controlled clinical trials of single versus several injections of PRP in the treatment of knee OA to help establish an adequate number of applications with therapeutic potential.
METHODS
For this systematic review, we adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 22 and were guided by a registered protocol (PROSPERO registration: CRD42018106429).
Information Sources and Search Strategy
An experienced librarian designed the search strategy in collaboration with the main investigators of the study. A thorough and comprehensive search was executed to find articles that suited the review's objective in several databases from 1970 to July 2019, as the use of PRP was first introduced in the 1970s. The general databases included MEDLINE via PubMed, Elsevier via Scopus, Embase, Web of Science, and the Cochrane Central Register of Controlled Trials. We searched for additional references that addressed our study question in other systematic reviews and searched for unpublished clinical trials on clinicaltrials.gov and greylit.org so that any possible missing study was considered.
We used specific keywords and MeSH terms to assess studies evaluating the effect of single versus multiple PRP injections on pain and articular function improvement in patients with knee OA. After completing the data extraction phase, an extra search was performed to include any eligible study that could have been published during the previous months of data extraction. We present an example of a search strategy that was executed via Scopus in the Appendix.
Eligibility Criteria
Our review only included randomized controlled trials (RCTs) assessing the effect of the number of PRP injections (eg, autologous conditioned plasma, plasma rich in growth factors, and platelet-rich fibrin) on pain (visual analog scale [VAS] subjective knee evaluation form, and Lequesne index) in patients with knee OA. All observational studies (quasi-experimental, cohort, case-control, and cross-sectional studies) were excluded. A minimum of 1 review outcome was enough for a study to be included in the review. We considered studies enrolling patients aged !40 years who were clinically and radiographically diagnosed with knee OA defined by any recognized diagnosis criteria, regardless of its evolution time, and with a minimum follow-up of 3 months. We included RCTs that assessed the effectiveness of single and multiple PRP injections in patients with knee OA. Studies with missing data were excluded, and there was no language restriction.
Selection Process
A total of 3 (F.V.-C., V.M.P.-M., C.A.A.-O.) reviewers worked independently and in duplicate to review all titles and abstracts as well as selected full-text articles. First, a pilot phase of 50 studies was carried out until reaching a chance-adjusted interrater agreement (kappa) of 0.7 between reviewers. The pilot phase consisted of reviewers including and excluding studies by title and abstract with the purpose of certifying adequate comprehension and resolving any misunderstandings between reviewers. 19 All studies required approval by at least 1 of the reviewers to proceed to the full-text phase.
After selecting the studies by title and abstract, a fulltext phase was executed in which these 3 reviewers used the same methodology as previously mentioned by including or excluding the selected studies according to the fulltext article. Disagreements were resolved by consensus with all reviewers. We used the Distiller Systematic Review Software (DistillerSR Evidence Partners) for the management of study data during the selection process mentioned above.
Data Collection Process
For the data collection process, a pilot model was conducted by the 3 reviewers in charge of performing data extraction to assess possible disagreements or approaches to extraction as well as calibrating the extraction. A data extraction form was designed to standardize data extraction. This form included the following items: a section addressing the bibliographic information of the study (year, authors, study design, etc), another section addressing the study question (patient, intervention, comparison, and outcomes of interest) showing the main results reported in each study, and a third section designed to address the risk of bias in each individual study. After the pilot model, the 3 reviewers (J.M.M.-A., N.A.-V., M.S.-M.) worked again independently and in duplicate to extract the data from each individual study; any kind of disagreement was resolved by consensus.
Outcomes and Prioritization
The outcomes of interest measured in this review were the following: (1) pain was assessed with the VAS or VNS and (2) functional improvement was assessed with the WOMAC, IKDC form, and/or Lequesne index.
Risk of Bias in Individual Studies
We assessed the risk of bias in individual studies by conducting an independent and duplicate review by 3 authors (J.M.M.-A., J.B.-S., M.S.-M.) who used the Cochrane risk of bias tool to assess the quality of the RCT. 10 The items used for the assessment of each study were as follows: adequacy of sequence generation, allocation concealment, blinding, addressing of dropouts (incomplete outcome data), selective outcome reporting, and other potential sources of bias. According to the recommendations of the Cochrane Handbook, a judgment of "yes" indicated a low risk of bias, while "no" indicated a high risk of bias. Labeling an item as "unclear" indicated an unclear or unknown risk of bias. Any disagreement in assessing the quality of a study was resolved by consensus between the reviewers.
Quantitative Data Synthesis
Meta-analysis was conducted using the Review Manager Statistical Software (RevMan version 5.3; Cochrane Collaboration). For each study, a summary of the intervention effect was estimated by calculating standardized mean differences (SMDs) for numerical outcomes. For the VAS and VNS, all values were collected in centimeters. For the WOMAC, all scores were collected as a 5-point Likert scale. IKDC scores were obtained using the transformed total value to a scaled number that ranged from 0 to 100. When only the standard error of the mean (SEM) was reported, the standard deviation (SD) was estimated using the following formula: SD ¼ SEM Â sqrt (n), where n is the number of participants. When not able to obtain the SD of a record after trying to contact the study authors, we used the range-rule-of-thumb method to estimate the missing SD. This method estimates that the SD is one-fourth of the range of a determined variable. 35 SDs of the mean differences were calculated using the following formula:
, assuming a correlation coefficient (R) of 0.5. Net changes in measurements (mean difference) were calculated as follows: (measure at end of follow-up) À (measure at baseline).
Meta-analysis was conducted using a random-effects model (using the DerSimonian-Laird method) and the generic inverse variance method. Effect sizes were expressed as the SMD and 95% CI. Consistency, specifically focusing on the heterogeneity of the studies to include, was examined by applying the Cochran Q test and considering a P value of <.05 as statistically significant. In turn, the I 2 statistic was used, considering 0% to 25% of heterogeneity between studies as unimportant, 26% to 50% as moderate, and >50% as important.
RESULTS

Search Output
The search strategy identified 3816 publications (3272 records after duplicates were removed); of these, 3071 studies did not meet the inclusion criteria and were excluded. Subsequently, 201 full-text articles were reviewed for eligibility, and 196 were excluded for the following reasons: non-RCT, not using the comparator of interest, nonexistent full-text document, and duplicate reports. The resultant 5 clinical trials were selected and included in the present meta-analysis. The complete workflow is shown in Figure 1 .
Characteristics of Included Studies
The 5 included studies reported data for 301 patients. Patel et al 24 had 2 PRP study groups (1 and 2 injections), and the study was performed in Chandigarh, India. Görmeli et al 9 had 2 PRP study groups (1 and 3 injections), and the study was performed in Malatya, Turkey. Kavadar et al 12 performed their study in Istanbul, Turkey, where they generated 3 PRP study groups (1, 2, and 3 injections). Uslu Gü vendi et al 34 performed their study in Erzurum, Turkey, where they 
Risk of Bias Assessment
All studies were ranked as low risk of bias in the random sequence generation section; nevertheless, none of them Figure 1 . Flowchart of the number of studies identified and included in this meta-analysis. RCT, randomized controlled trial.
reported the allocation concealment process, which was stated as unclear risk of bias. There were 2 studies that did not report information regarding blinding of participants and personnel, and 1 study did not report information regarding the blinded outcome assessment; therefore, they were ranked as unclear risk of bias for that section. Regarding the incomplete outcome data section, 1 study was ranked as high risk of bias because the SD for WOMAC scores at follow-up were not reported, and another study was ranked as unclear risk of bias because there was no information regarding the number of patients who were initially randomized. All studies had a low risk of bias for selective reporting, while 1 study had a high risk of bias for other biases because the injections were not ultrasoundguided and for performing a per-protocol analysis of data, although its loss-to-follow-up data was not statistically significant. The complete risk of bias assessment is shown in Figure 2 .
Effectiveness of Single and Multiple PRP Injections
Pain. Essentially, 4 of the 5 included studies reported a pain assessment with the VAS/VNS 12,24,30,34 ; 1 of these studies included one group treated with 2 PRP injections and another group treated with 3 PRP injections. 12 We performed a meta-analysis between single versus multiple PRP injections and an additional subanalysis comparing single versus double PRP injections with single versus triple PRP injections (Figure 3) . At 6 months, the results of the 2 analyses showed no significant differences in pain between single and double (SMD, À0. (2) 17 (1) Single PRP injection (2) Triple PRP injection 
DISCUSSION
As demonstrated in previous systematic reviews and metaanalyses, PRP is an effective choice of treatment for knee OA when compared to other intra-articular treatments. 2, 13, 20 Although its clinical effectiveness for this condition has been demonstrated, there are still multiple unknown areas that must be addressed to establish a therapeutic scheme. The appropriate number of injections required to achieve clinical improvement as well as the appropriate time interval between applications are some of the aspects that have not yet been clarified. This systematic review and meta-analysis focused on exploring the most adequate number of PRP injections required to observe clinical improvement in pain and functionality with the currently available scientific evidence.
The main findings from this study suggest that within a 6-month interval, a single injection was as effective as multiple (n ¼ 2 or 3) PRP injections in pain improvement (VAS or VNS) and that multiple injections (n ¼ 3) were more effective than a single injection in functionality improvement (total WOMAC or IKDC). The effect of multiple PRP injections over joint functionality has been found to be not only significant (P ¼ .0001) but also clinically important based on a threshold of 0.37 SD units, which has been established as a clinically important difference in patients with OA. 17, 36 In the current study, the effect size and 95% CI in favor of 3 injections versus a single injection were superior to this threshold of clinical importance. It is important to focus not only on statistical significance when reporting the effects of a treatment but also to provide plausible estimates of the magnitude of the effect in the population from which the data were analyzed. This aids in understanding how small or large the effect would be in the population of interest. 28 The main objective in the study by Patel et al 24 was to evaluate the role of PRP in the treatment of knee OA, focusing specifically on the number of injections and PRP concentration. They found that PRP was more effective than placebo and that 1 dose of PRP was as effective as 2 doses at 6-month follow-up. The study by Görmeli et al 9 compared the efficacy of PRP injections against hyaluronic acid and placebo; it also explored the ideal number of PRP injections for treating knee OA. It concluded that 3 injections of PRP were the better choice of treatment for patients with early knee OA and that patients with advanced OA did not benefit from any of the treatments applied. Kavadar et al 12 aimed to assess the effect of different numbers of PRP injections on pain and physical function. Their conclusion was that a minimum of 2 injections was necessary to observe an improvement in these parameters in patients with knee OA. While Uslu Gü vendi et al 34 hypothesized that PRP injections were as effective as corticosteroid injections, they found that PRP was more effective than corticosteroids and that there was no statistical difference in pain or functional improvement between applying 1 or 3 PRP injections. Simental-Mendía et al 30 compared single versus triple PRP injections, finding that triple injections were clinically more effective.
Although our meta-analysis summarizes the currently available scientific evidence regarding this topic, there are some aspects that need to be clarified. There was high heterogeneity between the included studies in our metaanalysis, which can be explained by factors regarding the study population because, even though all the studies evaluated patients with knee OA, its severity tended to vary. Another factor that could have contributed to the heterogeneity is the fact that Patel et al 24 and Simental-Mendía et al 30 applied an activated PRP solution containing minimal or no white blood cells (WBCs), whereas the PRP 34 used a nonactivated solution with increased WBCs. In addition, the platelet count also varied across PRP solutions. Another difference in the evaluated studies was the time between injections, in which the interventions varied between 1-, 2-, and 3-week intervals. The administration technique, volume injected, and methodological rigor of each study could have also influenced the heterogeneity. We handled the high heterogeneity by performing a metaanalysis with a random-effects model.
Although there are studies that have demonstrated the clinical effectiveness of PRP in knee OA, RCTs that directly compare the effectiveness of different numbers of injections on this condition are scarce. Even though a meta-analysis was performed, we consider that more research directly addressing this study question is needed to complement our results and to establish a specific therapeutic regimen for the application of PRP in knee OA. For this to be possible, it is important to discern the duration of the therapeutic effect of a single injection of PRP to establish the adequate number and time interval between injections. In addition, because knee OA has varying degrees of severity, future research studies should aim to clearly establish differences in results according to different stages of the condition. It has been reported that patients with OA in more severe stages have less clinical improvement than those in the earlier stages, independently of the number of injections applied. [7] [8] [9] 14 This study has some limitations. First, there were a limited number of studies included after a systematic review of the available scientific literature. Second, because of the small number of included studies, the number of studied participants was low (301 participants). Third, the followup of the patients was 6 months; therefore, the long-term effect of PRP injections could not be assessed. There are reports that indicate a worsening of positive therapeutic effects after 6 months. 6 Finally, the aforementioned heterogeneity in patient OA severity and types of PRP used between studies is a factor to be considered.
The results of this study suggest that both single and multiple PRP injections showed pain improvement and that there was no difference between these 2 approaches, but triple PRP injections were more effective than 1 injection in improving joint functionality in patients with knee OA. However, we consider that the body of evidence supporting this assumption is still insufficient, and future research on this specific topic is needed to confirm our results.
